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After years of decline, tuberculosis has re-emerged as a 
serious health problem in the world. Early detection of 
Mycobacterium tuberculosis in clinical samples is becoming 
more and more important in the control of tuberculosis 
both for the clinical treatment of infected patients and 
for the identification of exposed individuals. Micro- 
scopic examination of sputum with Ziehl-Neelsen 
smears is insensitive, detecting acid-fast bacilli only 
when there are 2104 mycobacteria/mL. Culture on 
solid medium is labor-intensive and takes a minimum 
of 2 weeks and often longer for microscopy-negative 
samples. P C R  can improve the rapid diagnosis of tuber- 
culosis by allowing the direct detection of mycobacteria 
in clinical specimens. Several PCR-based tests and 
other amplification assays specific for mycobacteria 
have been reported [l-31; however, a recent multi- 
center study involving P C R  methodology using in- 
house primers reported an unexpectedly high variation 
in sensitivity and called into question the reliability of 
such an approach for rapid diagnosis of tuberculosis [4]. 
P C R  appeared to be very useful in hagnosing or 
excluding tuberculosis in a subset of patients with 
smear-positive sputum but culture negative for Ail. 
tuberculosis [1,5]. Some authors suggested that P C R  be 
used only as an adjunct to smears and cultures in the 
diagnosis of pulmonary tuberculosis [5-71. To confirm 
the potential value of P C R  for diagnosis of pulmonary 
tuberculosis in patients whose sputum was smear- 
positive but culture negative for M. tuberculosis, a retro- 
spective study was undertaken to analyze the medical 
records of 56 patients and compare the laboratory data 
with final diagnosis for each patient. 
We reviewed the medical records of all cases 
admitted in Chang Gung Memorial Hospital (a 2500- 
bed medical center in Taoyuan, Taiwan) during the 
period from January 1995 to September 1996, whose 
sputum samples were culture negative but smear 
positive and PCR positive for M.  tuberculosis. Each 
patient included in this survey fulfilled the following 
criteria: at least two sputum samples sent for laboratory 
examination, negative results of culture for M.  tubercu- 
losis in all samples examined, and positive results ofboth 
smear and PCR in at least one of the multiple samples 
of each patient. Furthermore, a diagnosis of tubercu- 
losis was established on the basis of one of the following 
criteria: (1) culture of M .  tuberculosis from gastric 
aspirate, urine, pus, tissue, or other body fluid or 
previous culture of M .  tuberculosis from sputum; (2)  
histopathology of any tissue suggestive of tuberculosis; 
and (3) two or more of the following clinical features- 
history of contact with a tuberculous patient plus the 
presence of symptoms consistent with tuberculosis; a 
reactive tuberculin skin test (215 mrn in patients with 
prior BCG vaccination); radiographic findings compat- 
ible with tuberculosis; and favorable response to 
previous specific antituberculous treatment. Patients 
who had received any combination of antituberculous 
agents for 2 weeks or more prior to the examination of 
sputum were considered to be previously treated. Fisher’s 
exact test was used statistically for comparing the 
difference between categorized variables. For the PCR 
assay, primers homologous to the mycobacterial inser- 
tion sequence IS61 10 were used and the P C R  reaction 
was carried out as described earlier [1,2]. An internal 
control was used in each assay to ensure that the 
reaction was not inhibited by interfering substances [ 2 ] .  
The results are shown in Table 1. In total, 56 
patients from whom culture-negative, but both smear- 
and PCR-positive sputum specimens were collected 
were enrolled in this survey. With clinical data as 
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Table 1 Clinical evaluation of 56 patients whose sputum 
samples were culture negative but  smear and PCR positive 
for M. tubeurulorir 
~~~~~~~ ~ ~ 
Diagnosis category Cases Previously treated 
fulfilled" (4 (4 
4 
6 
14 
20 
1 
45 
A diagnosis o f  tuberculosis is established on the basis of any one 
or more of the proposed criteria. See text for the definition of each 
diagnosis category 
supportive evidence for tuberculosis, 50 true-positive 
patients were identified. Thus the sensitivity of the 
P C R  in the diagnosis of tuberculosis in this specific 
patient population was 89.3% O f  the 50 true positives, 
44 (88%) had been treated previously. Furthermore, 23 
(46%) of them, compared with none of the six false- 
positive patients, had at least two samples among a total 
of two or three samples positive for M .  tuberculosis in 
P C R  (~ '0 .03) .  To check the specificity of the PCK,  
we also reviewed the clinical charts of 17 patients, 
admitted during the study period, with their sputum 
specimens positive in acid-fast smear but negative in 
P C R  and culture. Only one of the 17 patients fulfilled 
the diagnostic criteria of tuberculosis proposed in the 
present study. Thus the specificity of our P C R  system 
appears to be reliable and better than the smear 
examination. 
The diagnostic sensitivity of P C R  on culture- 
negative but smear-positive samples obtained in this 
study seems comparable to those of previous reports 
[4,5,7]. Although no control data are available, the 
present study showed that the false-negative culture 
results in this specific patient population is associated 
with previous treatment with antituberculous drugs. 
This observation might reflect amplification of DNA 
from non-viable mycobacteria by the PCR.  Another 
possible explanation is that antituberculous medication 
for 2 weeks or longer dramatically diminishes the 
bacterial load in the sputum to levels too low to be 
detectable by culture. However, since culture is usually 
more sensitive than smear. we cannot exclude the 
possibility that the sensitivity of the culture system used 
in our institution is lower than those reported in the 
literature [4,5,7]. The presence of six false positives in 
this study indicates that the results of P C R  should be 
interpreted only in conjunction with other laboratory 
data as well as clinical information in order to avoid 
inappropriate judgment and treatment. 
The present study confirms that previous treatment 
with antituberculous agents is the most common factor 
that causes a false-negative result in culture [5]. 
However, in these cases, P C R  could be run as an 
adjunct to smears and cultures with at least two samples 
collected for each patient. Two or more samples 
positive for P C R  and smear are highly predictive for 
tuberculosis, even though the cultures are negative. O n  
the other hand, the presence of false positives in the 
present study suggests that a PCR-positive result for a 
single specimen in a patient whose sputum cultures are 
negative should be considered very carefully. 
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